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ABSTRACT
Survival o f  Fecal Contamination Indicator Organisms in Soil
Soi ls amended with human or animal waste may resu l t  in pathogen 
contamination of  ground and surface water. Because temperature has been 
shown to a f fec t  pathogen surv iva l ,  two laboratory studies were conducted 
to evaluate the impact of extremes in temperature on bacteria l and v i ra l  
pathogen ind ica tor  d ie -o f f  in s o i l .  A Captina s i l t  loam was amended with 
b ro i le r  l i t t e r  (0.1 g/g dry s o i l ) ,  septic tank e f f lu en t ,  or Escherichia 
c o l i  (ATCC 13706) cu l tu re  (both at 0.04 and 0.1 mL/g dry soi l  in the two 
respective studies), incubated at 5 and 35°C, and analyzed over time to 
determine the number of  fecal col i form, E. c o l i ,  and coliphage remaining. 
Pathogen ind ica tor  d ie -o f f  rate constants (k) fo r  a l l  ind icator- 
temperature-treatment combinations were determined by f i r s t - o rd e r  
k ine t ics .  For a l l  three pathogen ind icators, d ie -o f f  was s ig n i f ic a n t ly  
more rapid at 35°C than at 5°C. In both studies, fecal col i form d ie -o f f  
rates were not d i f fe re n t  from E. c o l i  d ie -o f f  rates across each 
temperature-treatment combination. Levels of these bacteria l indicators 
appeared in a ra t io  of  1:0.94 with 95% confidence in te rva ls  at 0.89 and 
0.99 in the E. c o l i -  and l i tter-amended so i ls .  D ie -o f f  of the v i ra l  
ind ica tor  was s ig n i f i c a n t l y  slower than the d ie -o f f  of  the bacterial 
ind icators at 5°C in l i tter-amended s o i l .  D ie -o f f  of the bacterial 
ind ica tor ,  E. c o l i ,  in soi l  amended with E. c o l i  cu l tu re  was not 
s ig n i f i c a n t l y  d i f fe re n t  than d ie -o f f  in soi l  amended with b ro i le r  l i t t e r  
at 5 or 35°C in the two studies. Because the higher incubation temperature 
increased d ie -o f f  rates fo r  a l l  three ind icators, i t  is expected that the 
potentia l  fo r  contamination of ground and surface water decreases with 
increasing temperature.
K.A. Teague, D.C. Wolf, P.F. Vendrell
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INTRODUCTION
Land app l ica t ion  o f  municipal b ioso l ids ,  animal manure, or 
inadequately renovated septic  tank e f f lu e n t  can re su l t  in ground and 
surface water contamination. According to the 1992 Water Q ua lity  
Inventory Report, over 330 miles o f  Arkansas water-body reaches exceed the 
200 colony forming un i ts  (CFU) o f  fecal col i form/100 mL l i m i t  establ ished 
as acceptable fo r  primary contact (Arkansas Department o f  Po l lu t ion 
Control and Ecology, 1992). The pr inc ipa l  o r ig in  o f  the pathogen 
ind ica to r  bacteria was given as non-point contamination.
The affected water bodies are located predominantly in the Northwest 
region o f  the state where a g r icu l tu ra l  use of  pou l t ry  l i t t e r  could be 
implicated as the major source of  p o l lu t io n .  In 1993, over one b i l l i o n  
commercial b ro i le rs  were produced in Arkansas, the na t ion 's  top b r o i l e r -  
producing state (Arkansas A gr icu l tu ra l  S ta t i s t i c s  Service, 1994). I t  is 
estimated tha t  26.7 kg l i t t e r  on a dry weight basis is  generated d a i ly  per 
1000 kg l i v e  weight (SCS, 1992). With current production ra tes, disposal 
o f  th is  l i t t e r ,  which is a mixture o f  manure and bedding materia ls such as 
woodchips, sawdust or r ice  h u l ls ,  is  an escalat ing problem. In Northwest 
Arkansas, most o f  the b r o i l e r  l i t t e r  is recycled as an organic so i l  
amendment which is appl ied to t a l l  fescue (Festuca arundinacea Schreb.) 
and bermudagrass [ ( Cynodon dacty l on (L.) Pers.] pasturel and (Sims and 
Wolf, 1994).
Approximately 40% of  Arkansas households u t i l i z e  on-s i te  septic 
systems to t re a t  and dispose of  t h e i r  domestic wastewater (U.S. Department 
of  Commerce, 1990). However, in areas with poor so i l  permeabil i ty  or 
shallow bedrock, septic  systems can provide contamination of  ground and
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surface waters. In fac t ,  septic systems are reported to be a larger 
source of  groundwater contamination than farming (Council on Environmental 
Quali ty , 1980).
The concern over fecal contamination of  water suppl ies is  due to the 
potentia l  presence o f  pathogenic bacteria and viruses found in fecal 
waste. Between 1920 and 1990 in the United States, consumption of  
contaminated water resulted in over 450,000 reported cases of  waterborne 
disease and 1,083 deaths (Craun, 1991). Because detect ion of  pathogenic 
bacteria and viruses is  dangerous, cos t ly ,  and time consuming and requires 
special f a c i l i t i e s ,  pathogen ind icators are used to id e n t i f y  areas of 
fecal contamination. We can monitor soi l  and water with these ind ica tors,  
which are usual ly not pathogenic themselves but signal the potential  
presence o f  fecal pathogens that  cause diseases such as salmonellosis, 
in fec t ious he pa t i t is ,  or po l io .
T ra d i t io n a l ly ,  to ta l  co l i fo rm have been the primary measure of the 
microbial qu a l i ty  of  dr ink ing water, and the presence of  fecal col i fo rm 
confirms human or animal fecal contamination (Federal Register, 1989). 
Escherichia c o l i  make up approximately 90% or more of fecal co l i fo rm, and 
E. c o l i  densi t ies have been more closely re lated to cases of 
gas t roe n te r i t i s  than fecal co l i fo rm levels (Edberg et a l . ,  1988; Federal 
Register, 1989). Because new co lo r imetr ic  E. c o l i  enumeration techniques 
provide rapid resu l ts ,  the USEPA curren t ly  allows e i the r  fecal col i fo rm or 
E. c o l i  to be used fo r  confirmation of samples pos i t ive fo r  to ta l  col i form 
(Federal Register, 1989). These bacteria l ind icators model pathogenic 
bacteria survival but may underestimate the potential  fo r  pathogenic 
viruses (Berg et a l ., 1978; Gallagher and Spino, 1968; McFeters et al .,
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1974; Payment et a l . ,  1985). Coliphages, viruses tha t  rep l ica te  in 
co l i fo rm  bacter ia ,  have been suggested as v i r a l  pathogen ind ica to rs .  They 
are also present in fecal waste and appear to e xh ib i t  surv iva l  behavior 
s im i la r  to tha t  o f  pathogenic viruses (Yates et a l . ,  1985).
The number o f  v iab le  pathogens and ind ica tors  in ground and surface 
water is  determined by t h e i r  t ransport over and through the so i l  and by 
t h e i r  a b i l i t y  to survive dynamic environmental condi t ions (Gerba et a l ., 
1975). Survival is  dependent upon environmental fac tors  such as 
temperature, sun l igh t ,  so i l  moisture, pH, and organic matter content 
(Hurst et a l . ,  1980; Reddy et a l . ,  1981; Sorber and Moore, 1987; VanDonsel 
et a l . ,  1967). Although the impact of  temperature on bacter ia l  ind ica to r  
surv iva l  has been studied, there are i n s u f f i c ie n t  data comparing bacteria l  
and v i r a l  ind ica to r  d ie - o f f .
OBJECTIVES
Understanding the in te r re la t ion sh ips  between ind ica to r  organism 
populat ions, contamination source, and survival rates in so i l  at d i f fe re n t  
temperatures is  necessary fo r  evaluating the potent ia l  fo r  non-point 
source contamination of  ground and surface waters. Consequently, the 
ob ject ive o f  th is  study was to evaluate the survival o f  fecal co l i fo rm, E. 
c o l i , and coliphages when incubated at 5 and 35°C in so i l  amended with 
b r o i l e r  l i t t e r ,  septic e f f lu e n t ,  or E. c o l i  cu l tu re .
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RELATED RESEARCH
The potentia l  fo r  fecal organisms to contaminate ground and surface 
water is  regulated by t h e i r  survival in so i l  and transport to water 
bodies. Studies are cur ren t ly  being conducted to evaluate transport of  
fecal bacteria in runof f  from f ie ld s  with land-appl ied poul t ry  l i t t e r  
(Coyne and Blevins, 1995; Daniel et a l . ,  1995). But, fo r  fecal organisms 
to contaminate water bodies, they must survive in the soi l  environment 
long enough to be transported in to  water systems.
The e f fec t  o f  temperature on the survival o f  bacteria l pathogens, 
bacteria l ind ica tors ,  and v i ra l  pathogens has been studied in soi l  and 
water systems (Reddy et a l . ,  1981). VanDonsel and colleagues (1967) found 
that E. c o l i  and Streptococcus faecal is  survived longer in autumn and 
winter than in spring and summer in shaded and exposed outdoor soi l  p lo ts . 
In a study of  natural waters, there was a proport ional decrease in E. c o l i  
survival as temperature increased from 5 to 15°C (McFeters and Stuart, 
1972). Add i t iona l ly ,  several temperature-dependent models have been 
developed that predic t col i fo rm d ie - o f f  in lagoons and waste s ta b i l iza t io n  
ponds (Mayo, 1995). Enteric viruses, such as po l iov i rus  1 and echovirus 
1, have demonstrated increased survival at lower temperatures in 
groundwater and sludge-amended so i ls  (B i t ton et a l . ,  1984; Sorber and 
Moore, 1987; Yates et a l ., 1985), and MS-2 bacteriophage has also shown 
increased survival in groundwater at low temperatures (Yates et a l ., 
1985).
Enumeration techniques have been developed fo r  coliphage in water 
samples (APHA, 1992; Grabow and Coubrough, 1986; Isb is te r  et a l .,  1983; 
Kennedy et a l ., 1985; Wentsel et a l . ,  1982). Though the incidence and
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surv iva l  o f  col iphage have been evaluated in potable water (El-Abagy et 
a l . ,  1988), in t ro p ica l  waters (Hernandez-Delgado et a l . ,  1991), and in 
nonaerated l i q u id  and semil iquid animal wastes (Pesaro at a l . ,  1995), 
l im i te d  information is  ava i lab le on the survival o f  the v i r a l  pathogen 
ind ica tors  in so i l  systems.
The procedure fo r  col iphage enumeration in Standard Methods fo r  the 
Examination o f  Water and Wastewater (APHA, 1992) describes equations fo r  
ca lcu la t ion  o f  to ta l  or fecal co l i fo rm leve ls  based upon the number o f  
coliphages in a sample. These equations are derived from previous 
research tha t  found cor re la t ions  between the incidence of  bacter ia l  and 
v i r a l  ind ica tors  in natural and f lood waters ( I s b is te r  et a l . ,  1983; Kott 
et a l . ,  1974; Wentsel et a l . ,  1982). However, H i l ton  and Stotzky (1973) 
analyzed water samples taken from an area of  the Hudson River with inputs 
o f  untreated sewage, and did not f ind  a consistent re la t ionsh ip  between 
co l i fo rm and col iphage leve ls .  In a study on ind ica to r  populat ions in raw 
sewage, sewage lagoon e f f lu e n t ,  and r i v e r  water, Bel l (1976) also found 
tha t  the fecal co l i fo rm to coliphage ra t io  varied over t ime. He explained 
that  c h a ra c te r is t ic  ra t ios  between bacter ia l  and v i r a l  ind ica tors cannot 
be determined due to the var iab le inf luence of  temperature, ch lo r ina t ion ,  
and sediment on surv iva l o f  the d i f fe re n t  ind ica tors .
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MATERIALS AND METHODS
In two laboratory studies, a Captina s i l t  loam ( f i n e - s i l t y ,  s i l iceous,  
mesic, Typic Fragiudult)  was col lected to a depth o f  15 cm from a t a l l  
fescue pasture (Table 1). The pasture was located at the Univers i ty  of 
Arkansas Main Experiment Stat ion in Faye t tev i l le ,  Arkansas in an area that 
had not received p r io r  waste appl ica t ion .  The f ie ld -m o is t  so i l  was sieved 
through a 2-mm screen and 10-g dry-weight equivalent port ions were weighed 
in to  150-mL d i l u t io n  bo t t les .
Two waste sources, b r o i l e r  l i t t e r  and septic tank e f f lu e n t ,  were 
surface-appl ied to evaluate pathogen ind ica to r  survival in th is  s o i l .  The 
l i t t e r  fo r  the f i r s t  study was taken from a b r o i le r  house at the 
Univers i ty  o f  Arkansas Farm where the chickens (Gallus ga llus  domesticus) 
were 3 to 4 weeks old in the f i r s t  growout. The l i t t e r  fo r  the second 
study was taken from a George's Inc. farm west of  Springdale, Arkansas 
where the b ro i le rs  were 7 weeks old and in the second growout. The l i t t e r  
was appl ied at a rate o f  0.1 g moist l i t t e r / g  dry so i l  in both studies 
(Table 2). E ff luent  from a 4725-L combination septic tank was col lected 
p r io r  to secondary treatment from a residence located on Hwy 16 West in 
Faye t tev i l le ,  Arkansas. The e f f lu en t  was applied at a rate o f  0.04 and 
0.1 mL/g dry so i l  in the f i r s t  and second study, respective ly (Table 3). 
Two addit ional treatments were applied at the same rate as the septic 
e f f lu e n t :  1) E. c o l i  (ATCC 13706) cu l ture as a pos i t ive bacteria l contro l ,  
and 2) s t e r i l e  water as a negative contro l ,  which was used to determine 
background levels in the soi l  i t s e l f .
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Table 1. Physical and chemical properties of the Captina s i l t  loam ( f in e -s ilty ,  siliceous,
mesic, Typic Fragiudult) used in laboratory studies.
pH Carbon Sand S i l t Clay N03-N P K Ca Na Mg Conductivity 
at 25°C
-----% - - mg/kg dS/m
5.6 0.8 12.1 76.0 11.9 17 18 164 791 82 58 0.056
Mehlich I I I  Extractable
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Table 2. Physical and chemical characteristics of b ro ile r l i t t e r  used in
laboratory studies.
Moisture N P C
- - - - - ...................... ............. % ...............................................
1st Study 32.3 ND* ND ND
2nd Study 20.4 5.34 1.30 29.27
* ND indicates no data because a power loss occurred in the storage freezer 
before the sample could be analyzed.
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Table 3. Physical and chemical characteristics of septic tank effluent used in laboratory studies.
Sol ids
pH Suspended Total NPOC nh4- n NO3-N Cl Conductivity 
at 25°C
--------------------------------- mg/L.------------ ----------- ------------- dS/m
1st Study 7.0 40 517 104 13.7 2.8 25.4 0.43
2nd Study 6.7 27 556 ND 15.4 0.5 29.1 0.44
ND indicates no data.
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In the f i r s t  study, a l l  four treatments were rep l icated three times. 
In the second study, the b r o i le r  l i t t e r  and septic treatments were 
repl icated three times while the E. c o l i  cu l tu re  and the control 
treatments were rep l icated twice due to ana ly t ica l  constra in ts .  Once 
treatments were imposed, the soi l  was adjusted to f i e l d  capacity (-30 kPa 
or 18% gravimetr ic  moisture) by the addi t ion of  s t e r i l e  water. Al l  
bo t t les  were covered with Saran Wrap® to prevent moisture loss but al low 
gas exchange.
The so i ls  were arranged in a completely randomized block design, 
incubated at 5 and 35°C, and des t ruc t ive ly  sampled over time. Soi ls kept 
at the warmer incubation temperature were sampled more f requently  because 
d ie - o f f  was antic ipated to be more rapid. In the f i r s t  study, sampling 
times were at 0, 7, 14, 21, and 35 days fo r  the 5°C incubation temperature, 
and so i ls  incubated at 35°C were sampled a f te r  0, 2, 5, 7, and 14 days. 
In the second study, sampling times were at 0, 14, 28, and 56 days and 0, 
5, 14, and 28 days fo r  the 5 and 35°C so i ls ,  respective ly.
At each sampling time, 95 mL of  phosphate bu f fe r  (APHA, 1992) and 
5 glass beads were added to each d i lu t io n  bo t t le  to create a 10-1 d i lu t io n  
(Fig. 1). The bott les were placed on a horizontal shaker at 280 
osc i l la t ions /m in  fo r  30 min, and then a ser ia l  d i l u t io n  was performed by 
adding 5 mL to 45 mL phosphate buffer .
In the f i r s t  study, the mu lt ip le  fermentation tube technique with 
A-1 Broth was used so fecal co l i fo rm could be enumerated d i r e c t l y  without 
a confirmation phase (APHA, 1992). Five tubes containing 10 mL A-1 Broth 
were inoculated with a 1-mL sample at appropriate d i lu t io n s  and incubated 
at 35°C fo r  3 h then transferred to a 44.5°C waterbath fo r  an addit ional
10
Fig. 1. Sampling flow fo r seria l d ilu tio n  and enumeration of 
pathogen indicators.
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21 h. Positive tubes, those demonstrating tu r b id i t y  and gas production, 
were regarded as posi t ive fo r  fecal col i form and recorded fo r  each 
d i lu t io n  ( Fig. 1).
E. c o l i  were enumerated with the same mult ip le-tube fermentation 
technique, but with presumptive and confirmed phases. In the presumptive 
phase, 1-mL samples from appropriate d i lu t ions  were used to inoculate f ive 
tubes containing 10 mL Lauryl Tryptose Broth (LT). A f te r  incubating at 
35°C fo r  24 to 48 h, pos i t ive LT tubes were confirmed by inoculat ing into 
tubes with 10 mL EC Broth + MUG (4-methylumbell i f e r y l - B - D-glucuronide) and 
incubating at 44.5°C fo r  24 h (Fig. 1). The EC + MUG tubes that fluoresced 
when exposed to long-wave U-V l i g h t ,  were considered posi t ive fo r  E. co l i  
and counted across each d i lu t io n .
In the second study, both fecal col i form and E. c o l i  were enumerated 
with the mult ip le-tube fermentation technique using Lauryl Tryptose and EC 
Broth + MUG fo r  the presumptive and confirmed phases, respectively. The 
LT tubes that demonstrated tu r b id i t y  and gas production were considered 
posi t ive fo r  to ta l  col i form and were subjected to the confirmed phase in 
EC Broth + MUG as described above. A f te r  the second incubation period, 
tubes that demonstrated tu r b id i t y  and gas production under natural l i g h t  
were considered fecal col i form posi t ive while tubes that f luoresced when 
exposed to long-wave UV l i g h t  were considered posi t ive fo r  E. c o l i .  In 
a l l  the mult ip le-tube fermentation methods described above, the numbers of 
pos i t ive tubes across appropriate d i lu t ions  were applied to a s ta t is t i c a l  
table to determine the most probable number (MPN) of fecal col i form or E. 
c o l i /g  dry s o i l .
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Coliphages were enumerated with techniques described in Standard 
Methods f o r  the Examination o f  Mater and Wastewater (APHA, 1992). At 
appropr ia te d i l u t io n s ,  a 5.0-mL sample was inoculated in to  each o f  four 
tubes conta in ing 5.5 mL Trypt ic (ase)  Soy Agar, 1.0 mL thawed E. c o l i  (ATCC 
13706) host, and 4 drops 2 ,3 ,5 - t r iph eny l  te t razo l ium ch lo r ide  (3% in 
ethanol) .  The contents o f  each tube were vortexed, poured in to  a s t e r i l e  
p e t r i  p la te ,  inverted,  and incubated fo r  7 h at 37°C (F ig. 1). Plaques, 
which appeared as c lea r  zones in the E. c o l i  lawn, were counted and 
averaged across the four pla tes as Plaque Forming Units (PFU)/g dry s o i l .
PFU/g dry so i l  = Plate Count ( to ta l  fo r  four p la tes)
(20 mL) (D i lu t io n )
Pathogen in d ica to r  leve ls  contained in the s o i l ,  b r o i l e r  l i t t e r ,  
sept ic  e f f lu e n t  and E. c o l i  cu l tu re  at the s ta r t  o f  each surv iva l  study 
are given in Table 4. A l l  in d ic a to r  leve ls  determined during the 
incubations were converted to the natura l logari thm, and contro l  leve ls  
were subtracted from treatments to cor rec t  f o r  background le ve ls .  Linear 
regression analysis was appl ied to the net level  o f  ind ica to rs  remaining 
over time fo r  the ind iv idua l  r e p l i c a t io n s .  The d i e - o f f  ra te  constants (k) 
were ca lcu la ted by the ra te  equation:
At = Aoe-kt
where: At = level o f  ind ica to rs  remaining at a given time
Ao = i n i t i a l  level o f  ind ica to rs  at s t a r t  o f  d i e - o f f  period 
k = d i e - o f f  rate constant (per day) 
t  = time (days)
and the slope of  each regression l in e  on the natura l logari thm scale was 
given as the d i e - o f f  ra te  constant (k) fo r  a given temperature-treatment
13
Table 4. In it ia l pathogen indicator levels in Captina s o il,  b ro ile r
l i t t e r ,  septic e ffluen t, and E. c o li culture used in survival 
studies.
Ind ica to r
Study Source Units
Fecal 
Coliform E. c o l i Coliphage
per .........- MPN..........- PFU
1st Captina Soil 
B ro i le r  L i t t e r  
Septic E ff luen t 
E. c o l i  Culture
g dry so il 
g dry l i t t e r  
mL e f f lu e n t  
mL cu ltu re
1.4 x 101 
1.6 x 103 
2.0 x 103
2.4 x 106
1.6 x 101
4.7 x 102 
3.0 x 103
6.8 x 106
< 5
2.2 x 104 
< 5 x 101 
0
2nd Captina Soil 
B ro i le r  L i t t e r  
Septic E ff luen t 
E. c o l i  Culture
g dry so il 
g dry l i t t e r  
mL e f f lu e n t  
mL cu ltu re
2.3 x 101
4.2 x 104
1.2 x 102 
7.0 x 107
2.3 x 101
3.2 x 104
1.2 x 102 
7.0 x 107
< 5
3.4 x 105 
< 5 x 101 
0
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combination. Although i n i t i a l  regrowth o f  bac ter ia l  ind ica to rs  may have 
occurred, t h i s  could not be confirmed due to ana ly t ica l  l im i t a t i o n s  tha t  
d ic ta ted  sampling times. Therefore, d i e - o f f  was considered only from the 
sampling day with maximum leve ls  through the f i r s t  sampling day where 
minimum detection leve ls  o f  2.0 MPN fecal co l i fo rm  or E. c o l i / g  dry so i l  
or 5.0 Coliphage PFU/g dry so i l  were reached. A minimum o f  f i v e  data 
points over at leas t  three sampling days was used to determine each d ie ­
o f f  ra te  constant. A d d i t io n a l ly ,  d i e - o f f  was not evaluated i f  i n i t i a l  
in d ica to r  leve ls  were not high enough to see a th ree- log  reduction over 
t ime. Based on these c r i t e r i a ,  the days of  incubation tha t  were used to 
determine the d i e - o f f  ra te constant fo r  each ind ica to r - t rea tm ent-  
temperature combination var ied. These rate constants were compared by the 
general l i n e a r  models (GLM) procedure, so the e f fe c t  o f  temperature and 
waste source on bacter ia l  and v i r a l  pathogen ind ica to r  surv iva l  rate 
constants in so i l  systems could be evaluated.
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RESULTS
The data were analyzed by organism and the rate constants (k) , 
standard er rors ,  and intercepts fo r  the ind ica to r  d ie - o f f  equations are 
given in Tables 5 and 6 fo r  the f i r s t  and second studies, respective ly. 
The R2 values describe the f i t  o f  each d ie - o f f  l in e  over the days of  
incubation given in the la s t  columns.
In both studies reported here, survival o f  the three pathogen 
ind ica tors was enhanced at 5°C while d ie - o f f  was more rapid wi th the warmer 
incubation temperature. Trends can be id e n t i f ie d  when the d ie - o f f  rate 
constants are compared across the two incubation temperatures w i th in  a 
given treatment. For example, in the f i r s t  study, the Coliphage d ie -o f f  
rate constant at 35°C fo r  the b r o i l e r  l i t t e r  treatment was 0.10/day while 
at 5°C, the die o f f  rate was 0.01/day (F ig .2). Even though the i n i t i a l  
ind ica to r  leve ls  were d i f f e re n t  fo r  the two studies, the d ie - o f f  trends 
were s im i la r .
The fecal co l i fo rm and E. c o l i  d i e - o f f  rate constants fo r  the waste- 
amended so i ls  support rate constants reported in the l i t e r a tu r e .  McFeters 
and Stuart (1972) evaluated the impact of temperature on E. c o l i  survival 
in stream waters. Based on the h a l f - l i v e s  reported, E. c o l i  d i e - o f f  rate 
constants were 0.15, 0.23, and 0.50/day at 5, 10, and 15°C, respective ly.
By rearranging the f i r s t  order rate equation and solving fo r  time 
( t ) ,  the number of  days required fo r  a 99.9% reduction in ind icators or a 
3 - fo ld  decrease in log10 numbers were estimated fo r  each temperature- 
treatment combination (Table 7). Based on the d ie - o f f  rate constants 
calculated fo r  Coliphage in the b r o i l e r  l i t ter-amended s o i l ,  i t  would take 
35 to 69 days at 35°C fo r  a 3 - l og10 or 99.9% reduction in numbers.
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Table 5. Rate equation information fo r pathogen indicator d ie -o ff in so ils  amended with b ro ile r l i t t e r ,  
E. co l i cu ltu re , and septic e ffluen t at 5 and 35°C during the f i r s t  laboratory study.
Pathogen
in d ica to r
Incubation
temperature
D ie -o f f
Treatment ra te constant
Standard
Error In te rcep t
Data points 
R2 regressed
Sampling 
days used
°C per day ln /g  dry so il
Fecal 5 B ro i le r  L i t t e r 0.11 0.04 8.40 0.43 12 7 - 35
Coliform E. c o l i  Culture 0.25 0.02 14.64 0.89 15 0 - 35
Septic E ff lue n t 0.16 0.03 6.28 0.47 12 0 - 35
35 B ro i le r  L i t t e r ND ND ND ND 7 ND
E. c o l i  Culture 0.87 0.06 14.64 0.90 14 0 - 14
Septic E ff lue n t 0.26 0.07 6.28 0.41 13 0 - 14
E. c o l i 5 B ro i le r  L i t t e r 0.24 0.03 10.82 0.48 12 7 - 35
E. c o l i  Culture 0.24 0.03 14.20 0.94 14 0 - 35
Septic E ff lue n t ND ND ND ND 4 ND
35 B ro i le r  L i t t e r 0.94 0.09 16.85 0.56 6 5 - 14
E. c o l i  Culture 0.94 0.09 14.49 0.86 13 0 - 14
Septic E ff lue n t ND ND ND ND 3 ND
Coliphage 5 B ro i le r  L i t t e r 0.01 0.01 10.15 0.23 15 0 - 35
E. c o l i  Culture ND ND ND ND 0 ND
Septic E ff lu e n t ND ND ND ND 0 ND
35 B ro i le r  L i t t e r 0.10 0.01 10.15 0.71 15 0 - 14
E. c o l i  Culture ND ND ND ND 0 ND
Septic E ff lu e n t ND ND ND ND 0 ND
*
ND ind ica tes in s u f f ic ie n t  data to determine the d ie - o f f  ra te  constant.
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Table 6. Rate equation information fo r pathogen indicator d ie -o ff in so ils  amended with b ro ile r l i t t e r ,  
E. c o li culture, and septic e ffluen t at 5 and 35°C during the second laboratory study.
Pathogen
in d ica to r
Incubation
temperature
D ie -o ff
Treatment ra te  constant
Standard
Error In tercept R2
Data points 
regressed
Sampling 
days used
°C per day ln /g  dry so il
Fecal 
Coli form
5
35
B ro i le r  L i t t e r  
E. c o l i  Culture 
Septic E ff lu e n t 
B ro i le r  L i t t e r  
E. c o l i  Culture 
Septic E ff lu e n t
0.18
0.18
ND
0.37
0.37
ND
0.04
0.04
ND
0.06
0.06
ND
10.09
17.25 
ND
10.09
17.25 
ND
0.97
0.80
ND
0.16
0.97
ND
9
7 
6 
9
8 
6
0 - 28 
0 - 56 
ND
0 - 14 
0 - 28 
ND
E. c o l i 5
35
B ro i le r  L i t t e r  
E. c o l i  Culture 
Septic E ff lu e n t 
B ro i le r  L i t t e r  
E. c o l i  Culture 
Septic E ff lu e n t
0.17
0.17
ND
0.38
0.38
ND
0.04
0.04
ND
0.06
0.06
ND
9.79
17.06 
ND
9.79
17.06 
ND
0.97
0.80
ND
0.18
0.95
ND
9
7 
6 
9
8 
6
0 - 28 
0 - 56 
ND
0 - 14 
0 - 28 
ND
Coliphage 5
35
B ro i le r  L i t t e r  
E. c o l i  Culture 
Septic E ff lu e n t 
B ro i le r  L i t t e r  
E. c o l i  Culture 
Septic E ff lu e n t
0.04
ND
ND
0.20
ND
ND
0.07
ND
ND
0.03
ND
ND
13.00 
ND 
ND
13.00 
ND 
ND
0.54
ND
ND
0.71
ND
ND
12
0
0
12
0
0
0 - 56 
ND 
ND
0 - 28 
ND 
ND
ND ind ica tes in s u f f ic ie n t  data to  determine the d ie - o f f  ra te  constant.
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Fig 2. Coliphage d i e - o f f  in b r o i l e r  l i t ter-amended Captina so i l  at 
5 and 35°C in two labora tory  studies.
19
Table 7. Time (in  days) required for a 99.9% reduction in pathogen indicator levels.
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Ind ica to r
Temperature Treatment
Fecal
co lifo rm E. c o l i Coliphage
---------------------------- days ...................................
1st Study 5°C B ro ile r  L i t te r  
E. c o l i  Culture 
Septic E ffluen t
63*
28
43*
29
29
ND
691*
ND‡
ND
35°C B ro ile r  L i t te r  
E. c o l i  Culture 
Septic E fflue n t
ND
8
27*
7
7
ND
69*
ND
ND
2nd Study 5°C B ro ile r L i t te r  
E. c o l i  Culture 
Septic E ffluen t
38
38
ND
41
41
ND
173*
ND
ND
35°C B ro ile r  L i t te r  
E. c o l i  Culture 
Septic E ffluen t
19
19
ND
18
18
ND
35*
ND
ND
Indicates extrapo la tion  beyond the length o f the study.
‡ ND ind icates in s u ff ic ie n t data fo r  determ ination o f a d ie -o f f  ra te  constant (k ).
However, because the d i e - o f f  ra te  constant was not s i g n i f i c a n t l y  d i f f e r e n t  
than zero at 5°C, Coliphage leve ls  may not change over extended time 
periods. On the other hand, fecal co l i fo rm  and E. c o l i  leve ls  would be 
reduced by 99.9% in ≤ 63 days at 5°C in both stud ies. VanDonsel and his 
associates (1967) found the time required fo r  a 90% or one log10 reduction 
in fecal co l i fo rm  leve ls  in f i e l d  p lo ts  ranged from 3.3 days in summer to 
13.4 days in autumn.
The natura l logar i thm o f  the leve ls  o f  E. c o l i  in a l l  s o i l s  amended 
with b r o i l e r  l i t t e r  and E. c o l i  cu l tu re  were p lo t ted  against those of  
fecal co l i fo rm .  The regression l i n e  fo r  each re p l i c a t io n  at every 
sampling time was y = 0.94 x + 0.81 and the 95% confidence in te rv a ls  f o r  
the slope o f  the l i n e  ranged from 0.89 to 0.99.
Table 8 summarizes d i e - o f f  ra te  constants so tha t  surv iva l  rates 
among the three pathogen ind ica to rs  could be compared w i th in  a given 
temperature and treatment fo r  each study. These rates were determined by 
analyzing the data by organism, but the comparisons among the ind ica to rs  
were made by analyzing the data by temperature. There were no s ig n i f i c a n t  
d i f fe rences in d i e - o f f  rates between the two bac te r ia l  ind ica to rs ,  E. c o l i  
and fecal co l i fo rm ,  at both incubation temperatures in the l i t t e r  and the 
E. c o l i  cu l tu re  treatments. The same was t rue fo r  both studies even 
though the methodology fo r  fecal co l i fo rm  enumeration d i f f e re d .  With the 
d i re c t  method, counts fo r  fecal co l i fo rm  were ava i lab le  w i th in  24 h, 
whereas the presumptive and confi rmation phases of  the EC + MUG method 
took up to 72 h. When studying surv iva l  rapid counts can be advantageous 
because during periods of  rapid d ie - o f f ,  bac ter ia l  populat ions can drop to 
undetectable leve ls  w i th in  3 days. However, use o f  the A-1 method fo r
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Fig. 3. Relationship o f E. c o li  to  fecal co lifo rm  in Captina so i l  amended 
w ith b ro i le r  l i t t e r  or E. c o li  cu ltu re  in  two labora tory  studies.
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Table 8. Pathogen ind ica to r d ie -o ff  ra te  constants (k) fo r fecal co lifo rm , E. c o l i ,  and Coliphage in  two 
laboratory studies.
Fecal 
Coliform
Ind ica to r
E. c o l i Coliphage
Study Treatment 5°C 35°C 5°C 35°C 5°C 35°C
--------------------------------  k values (per day) --------------------------------
1st B ro i le r  L i t t e r 0.11a*D‡ ND 0.24aB 0.94aA 0.01bB§ 0.10bA
E. c o l i  Culture 0.25aC 0.87aA 0.24aB 0.94aA ND ND
Septic E ff lue n t 0.16BD 0.26B ND ND ND ND
2nd B ro i le r  L i t t e r 0 . 18aB 0.37aA¥ 0 .17aB 0.38aA 0.04bB§ 0.20aA
E. c o l i  Culture 0 . 18aB 0.37aA 0 .17aB 0.38aA ND ND
Septic E ff lue n t ND ND ND ND ND ND
For a given treatment and temperature w ith in  a study, rates w ith the same lower case l e t t e r  are 
not s ig n i f ic a n t ly  d i f fe re n t  at p>0.05.
‡ For a given in d ic a to r  and treatment o r temperature in the 1st study, rates w ith the same cap ita l 
l e t t e r  are not s ig n i f ic a n t ly  d i f fe re n t  at p>0.05.
ND Indicates in s u f f ic ie n t  data fo r  determination o f a d ie - o f f  ra te constant.
§ D ie -o f f  ra te  constant is  not s ig n i f ic a n t ly  d i f fe re n t  than 0.
¥ For a given in d ic a to r  and treatment or temperature in the 2nd study, rates w ith the same cap ita l 
l e t t e r  are not s ig n i f ic a n t ly  d i f fe re n t  at p>0.10.
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enumeration of  fecal co l i fo rm included disadvantages such as the need fo r  
increased incubation tube and media preparation, separate inoculat ions, 
and addi t ional  room in the 44.5°C waterbath. These needs dictated a 
l im i ted  number of  d i lu t io n s  that could be analyzed fo r  the bacteria l 
ind ica tors ,  resu l t ing  in missing data. Since the l i a b i l i t i e s  proved to be 
too great,  fecal co l i fo rm and E. c o l i  were enumerated simultaneously with 
EC Broth + MUG during the second study.
The bacteria l d ie - o f f  rate constants were also compared to those of 
Coliphage w i th in  the l i t ter-amended so i ls .  At 35°C, in the f i r s t  study, 
the d ie - o f f  rate was 0.94/day fo r  E. c o l i  whi le the d ie - o f f  rate fo r  
Coliphage was 0.10/day in so i l  amended with b ro i le r  l i t t e r .  At 5°C, in the 
same study, Coliphage survived at least 10 times longer than the bacteria l 
ind ica tors ,  supporting the idea that  fecal co l i fo rm and E. c o l i  may not 
adequately indicate the potentia l  fo r  d ie -o f f  of  pathogenic viruses.
S ign i f ican t  dif ferences among treatments or temperatures can also be 
compared w i th in  each study in Table 8. D ie -o f f  rates fo r  the bacteria l 
ind ica to r ,  E. c o l i , were not d i f fe re n t  in soi l  amended with E. c o l i  
cu l tu re than in soi l  amended with b ro i le r  l i t t e r .  This may be surpris ing 
because the E. c o l i  in the wastes had already been subjected to harsh 
environmental condit ions in the b ro i le r  house or the septic tank, whereas, 
those in the E. c o l i  cu l tu re amendment were grown under optimal condit ions 
in the laboratory where a carbon source and other nutr ien ts  were readi ly  
ava i lab le. Most importantly, however, fo r  each ind ica to r ,  the d ie -o f f  
rates at 35°C were found to be s ig n i f i c a n t l y  more rapid than at 5°C in a l l  
treatments supporting previous f ind ings that lower temperatures enhance 
pathogen ind ica tor  survival (Reddy et a l ., 1981; Yates et a l .,  1985).
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CONCLUSIONS
In the two laboratory studies,  d ie - o f f  o f  both bacter ia l  and v i ra l  
pathogen ind ica to rs  in so i l  was s ig n i f i c a n t l y  more rapid at 35°C than at 
5°C, where ind ica to r  surviva l was enhanced. In fa c t ,  in the f i r s t  study, 
the Coliphage d i e - o f f  ra te was ten times more rapid when the incubation 
temperature increased from 5 to 35°C. In so i l  amended wi th b r o i l e r  l i t t e r ,  
the v i r a l  pathogen ind ica to r  persisted > 10 times longer than the 
bac ter ia l  ind ica tors  at 5°C, in the f i r s t  study. The d i e - o f f  o f  E. c o l i  
in the b r o i l e r  l i t t e r  was not s i g n i f i c a n t l y  d i f f e r e n t  from the d ie - o f f  o f  
the E. c o l i  ind ica to r  in the E. c o l i  cu l tu re  treatment at e i th e r  
temperature. Furthermore, the re la t ionsh ip  between fecal co l i fo rm and E. 
c o l i  leve ls  was 1:0.94 wi th 95% confidence in te rva ls  at 0.89 and 0.99 in 
so i ls  amended with b r o i l e r  l i t t e r  or E. c o l i  cu l tu re .  Increased survival 
at lower temperatures suggests tha t  po tent ia l  contamination of  ground and 
surface water escalates wi th decreasing temperature.
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